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(54) PARALLAX CALCULATOR, DISTANCE CALCULATOR AND METHOD FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To exactly measure the distance 
and shape of object by respectively detecting correspondent 
points while making correspondent the pixels of plural images 
generated by photographing the object, calculating the parallax 
between the pixel and its correspondent point and correcting 
this parallax information into probable value. 
SOLUTION: When an object 22 is photographed by two cameras 
A and B, a reference image 24a including an image 220a of 
object is provided from the camera A, a reference image 24b 
including an image 220b of object is provided from the camera B, 
and the images 220a and 220b include the pixels [correspondent 
points (k) and k'] photographing the same part on the object 22. 
The correspondent points between these images 24a and 24b 
are detected, and the parallax between the correspondent points 
(k) and k' is found for the unit of a pixel. Based on the parallax 
between the correspondent points (k) and k' and the camera 
angles and distances of cameras A and B, the distance between 
the respective points on the object 22 and the cameras A and B 
can be measured and the shape of object 22 can be analyzed by 
applying the principle of triangulation. 




1 



CB) 





LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



http://www1.ipdl.jpo.go.jp/PA1/result/detail/main/wAAAa07958DA410289316P1.htm 



2001/11/12 



Tf A lo- 



d9) B*mm?ft (jp) 02) ^ II i)^ |^ ^ |g (a) (nmnmm&mmn 

#H!¥10 -289316 



(43)&S§B ¥^10^(1998) 10^27 B 



(51) IntCl. 8 






F I 




GO 6T 


7/00 




G 0 6 F 15/62 4 1 5 


GO 1 C 


3/06 




GO 1 C 


3/06 V 


GO 6T 


15/00 




G 0 6 F 15/62 3 5 0V 










*Bt:& W*«CDSC15 OL (£13 H) 


(21)fflB#*J 




ft«¥9-99334 


(71)fflKA 


000002185 












(22)ffiSB 




¥^9^(1997) 4/i 16 B 




«saKiB;riKita;ri 6 tb 7 #35^ 




















A«lPS.;ilK4tffl;il6TB7#35^ 7- 




















=* 










*^5a;iiK4ta;ii6TB7ii35# y= 


















(74)«ax 





(54) [&?H<D£sffr] &%*ttltt*, 8B«»UiS»*«fctfcnS<Z)^ 



(57) mm] 

[Wft^ai ST. £Vnft0>#Mt&#jRMk2 4b 

iii 5 (a) tc^-r^^tc ^jfi^n^iisesf^iB 

MS, THUS, Slil, «IE£fir5. 



(A) 



220b-' 



ran 











7- 








y 














"BH k> 
















k 








































A, 











200a 



— 24a 



(B) 




( 2 ) 

1 

[4#WI!*©iSgffl] 

i ©iiii^at. 

ffiEtt&4fe$»JI$ Vxm 2 2 oat 

£/&LfcMESgi ©B#©Bi (»1<Z)B*) ^n^'ti 

t. £fi£LfcfflESg2©B®©Bi (fg2©Bi) -e-n 

i. 10 
DWBJBl©B*-€-ti-Ftit. fctBLfciinsfgl ©Mi 

ME3I l ©Bi^n-e*i£-&trf!>r;£©*6fflrt©S l ©Hi 

^©ffiESi i oMti^v^t. mmi-tzMizm i ©b 

[ffl»**2] Mcais*iiE*a«. 20 
wtnLtzmm^ i ©^M-?-ti-€-*n^, fflE*fj&#«fc* 
nfciWESB i (ommt. zL<Dttfowm*>m^t£m i ©b 

*OMEJ**^tOWOS3SET«lftUT«iEL. SI2© 

ffiM**^-r^.ii*JS i icE*©^stBse. 

[»**3] t&E«St«IE#®!tt. 

*aj LfcWEjB i ©hm©f*i. ttfa&mm-vu^mmm 
ioB*i«rE*f^toraoire»ioSia*. we 

Jl&Sg 1 ©Bi^©ttlE*fJC*<i:©Rg©«llTB^bT« 

ieu fB2©«ss**j*-ra«iE^at**r-r*»*« 

1 tcE«©«M#ttJ^B. 

n^-'nwBiffit. wEfg i ©ia^-en-^ntc^-r-s 

>5Jffi14£#-r-5SeH©fltrESfS 2 ©BSl-t-n-fnoHJRffl 
U 

SftE«JS«iE^aoStrE**ttWflfi^a»4. MGJI 1 © 

Bit. c:©^ i ©i®^©*ns^tic*f-r-5BuE^© 40 

ffffiWSccDBCfitJ^T. HtfESill ©Bit. d©|gl 
3 i:StcSg*B81. 

n-^nft+'Cf t-rsas 1 ©H^7'n - y ^ tc^s nzm 1 

©Bi-^*l-i£-'n©BiMt, tffiESB 1 ©Bi^tl^tl© 

2 ©Hi^tVf *l©BiM t ictt L T , ffiEBrJfcOgWB 
Hft&m>TMEtt£j£ettfHU 50 
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mess i ©Bi^n^nsrf ittr **»e» i ©Biy 

p y * 2 ©Bi:7*n -7 tf frS**i*iMEJB l © 

Hit. wEi 2 ©i*^n y snswES i o 

iSm©*f^i:ic*fr^HMEWffiW^c©fii(c*o*^x, 

tt££&0#£tfft«fl&&ME£ 1 ©is^tbi, 
»*a**jrc&v»iiMEjr[ 1 ©BitfiE*fie;j&t©i!.i© 

it. z(Dttmm*mmumi<Dmm<nmz>tffo&.ti 
i ©B#£$;^IS:t. 

2 ©B^^^-r-S^ 2 ©B« 

£fifc#Rt, 

t. 4^LfcHES2©i«fflIf 2©I$) -5-tl 

*nt*»jfc#w-T, mg^ ©Bi^n^n t*fj£-r 

t. 

me^i ©Bi-e-n-^nt. 

^■n^-*n©Hi(E*f^t©ra©^ 1 ©li^sajti.* 
i©«ni*ffl#Rt. 

MGf i oif*-tn-en*$trBfso«[fflrtfi!)» 1 ©b 
i©^, tti&&t<D$ifowmbmmt3.mm$&ie>wm 

m<vmmm 1 ©tsutcs^-c. wmvrcmmm 1 ©b 

«ILfct9Emi©ffiMt. ilB^l©HMM« 
■ktflWESi 2 ©■«£l£^a©ti:«H«£fc:StJlr»T. 
ffiGft 1 ©H«t£j«fMS:*5«ttfWG» 2 ©B^^fiE^S 
t, »>G»*«t©IH©EI«£*fflT*e»*ai^R£ 
£*rT*lg«jmj£B. 
[»*«7] flJG«£JiIE=£Rtt. 
»tti LfcffiGJB 1 ©«M^n^-*n£. SffE^*i*fe5« 
*ftHilE$Sl©Bit. HOS**K*«*'bflliet&jBlOB 
iWiWEttjfo^t©^©^ 1 ©«£IT"B&LT«IEL.. 
^ 2 OfiSIS4«t4B*a 6 £eft<Z)EffiJFtb£B. 

[«r**8] HdE?m«iE^gtt. 
MEfB i ©Bi^n^ntHfiE^^^n-^nt©^ 

1 eDH*tWE»*j*tO|HJ©WE» 1 ©»fg*. S9E 

^js^Sfefltn^ME® i ©Bit. ci©*hfca**fcflg 

H^SB 1 ©IfwfllEM^ifflK©^ 1 ©liTil 
LT«IEL. ®2©^S^^fiK-r-5ttIE¥l§:i: : £r#-r^ 

nt'nffliiit. WE* i ©BiSR^n-en^^r* 
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itCttbT. 3r£©W«W»£m>TlHI8E#J&jSC**lH 
b. 

ffiBE»Si»IE#&©iroB**ttW0li#Rtt. MESH© 
H*t. Jl©SS10iB*0**^tfc*t-r*lWaEBf3tO 

8 icEm©s§8ti?mi£e. 

*n*n*f 4>tr«JB 1 ©B*t:/a y ^ K-^n-ssg 10 
KDmmtn^rKommmt. mess 1 ©a^n^n 

ti*n*«t»i£i«tr*ttEiB 1 ©am:/ a -7 ^ir-^sns 

»2©ra**n*n©HJlHIiK:*#LT. 8tHEi5r:£©ff 

ffiK»g*tii*§i©ffl»B*iiE*att. 
huesb 1 fiDH*-€-n-€ f ns+'£i>fr*w«a* 1 wmm? 
a y 9 zstsm 2 (Dmm-Jn ? 0 K^snsiwesB 1 © 
■sRt. ttrre^2©iii^^D-yi7{c-^*ti^)t(ifemi © 

#jKj£&®#£tf*%a3tftME& 1 ©aisi^mu 
Mfotimn-C'ti.^mz& 1 ©B*£ffie*u6j6t©iHi© 
wis*i©«a«r, %mttfc#m%te$itzfiiim% 1 ©a 

*t, £©*»&*«« fcW^fclBl ©B*©ffiE**f6j£i 
©ra©SSl©»ST1B«bTfllIEU fl&aESB2©«SS& 

8 £££©£**&&■. 

1] »*tt&*MJbTaSl©Bfc££jSU 
iWE*f fttt £*§i£ b TI 2 ©B&&4E/& b . 

3fej«bfcMEflii ©■*©■* (*i©b*) -tn-fn 

£j$b&miB%2©B*©BX (I2©ii) -t-n 30 
■entfttttettw-T. hueis 1 ©ia*^ti^*nt*fjts-r 

Sfrtsmi ©wjjs-tn-ent. fcmi-tzztizmiomm 
^-n^*n©tuia*f^t©M©m 1 ©ii^iffii, 

ffi&ft 1 ©Hfc-eft^ftS^tfiJf JSoHSBPi©* 1 ©B 

moftiimm 1 ©fctgfca^T. *m ufctaia* 1 ©a 

n^IiEL, 40 
HIIEbfcfltESSloaSSi. MESS 1 ©B«**5«fctf*H2 
*2©B*©*J&ffi«£fcScavr. itilEgS 1 ©B#& 
J;tffl9ES&2©B*©»JBffitt.!:. mBE*f*«t©W© 

[n«g 12] itti b/tmaa* 1 osg^n^ns. m 
&ttfo&m ! t>m$ttzwi3&m 1 ©H^i. £©****«*& 

mntiW, 1 ©■*©ffif«Ejt*Jtej«t©H©SB 1 OSSTfi 
ttbTHtiEU m2©^M*^fi!c-r-5Ii*3Sl itcEm 
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n-fft t ©*#j6a<*aEa»5a» £w«b b . 

JMJbfcflMBJB 1 ©}lM©rt> *f^***T-^^BflEm 
1 ©H*tWBB»*^it©W©«lffiJB 1 ©«S*. ituE 

mttm 1 ©a^©ME*fjs^t©K©^ 1 ©«g-c«ift 
bx«iEb, »2©«si**j«rs«!#3si lictem© 

[»*ai4] s9E^i©a^-?-n-en©H*fflt, m 
vzm 1 ©BS-tn-tnki^jst** Bi«ttswr*«[ffl© 
MEm2©am^n^*n©H*ffli{c*fbT. mfevm 

mJEfgl ©Bi!t£. cio^i ©a^©^^t»c^-r-5 
saeBf^©»«H»©«fcastJi»T, mem 1 ©ast 

t, C©^l©B^©*f^t©*fJiS^fltll^S^S:l¥ 

mrzm &m 1 3 ma«©«ss • mmnm^m. 
[it#Jii5] flMe*i©B**n-et , i&+'t>£'r*SB 

1 ©B^^D y £> IzSmtlZm 1 ©B^n^'tlWBsfi 

ffit. meiB 1 ©■sR-tn-€ t n©«*:MC"r**nr«tt* 
^r-r*ttH©«HE» 2 ©B**-n-p*i* ME 
m 1 obs^o {7 (c-g-sn-s^ 2 ©asi^-n-?-*n©B 

ffless 1 ©H^n-tns^^frsauEis 1 ©a*:/ 

ayi; Z<£tsm 2 ©B^^*p y 9 fc^*n*«HBJB 1 © 
B*£. *9Em2©B^^P->^Jc-^*n-5mEmi© 

■*©»*B^tfc»-r*WEw«M»©«»catJiriT. 

»J6j*t©^*«*>b**E&«llfBBfB 1 ©BffSSr&tti b. 
*#J6*«*£TfcV»tll8E» 1 ©B^tHifE*fJiS^t©M© 
WIEIlOSl*, WEM«^«fc«*^HliEmi©B 
*<h. C©*f^gfe«i^^l©B^©ME*f^<i: 
©M'©$6l©«fST?««bTlf|jEU ffirE^2©«S* 

1 3 tctB«©^iM • asgsffta^ffio 

[*M©»«?a:|JlW] 
[0 0 0 1] 

Tra— ©*#*«©aq«iB«t#BiBiifci**a»b. 

e>©B«©B^-€-tl^tl*ffiHfC^#^T, 2^-©* 
*7£©[ia©ffiR8<£\ B^ri:lC^*«>?gMaiJ^SS. 

cne,©^ffitcMf -a. 

[0 0 0 2] 

[«*©a«] x«t mm, m^v- v 

'T-U^" r <'i>> (A Video-rate Stereomachine ; &Bi, ft 
n B&atfy vol.13 No.3, pp.322~p 

P. 326 1995 ) J iCtt. 2tt0f£A±d»6ra-©***«l* 

»-r* - tic «k o »^ttft©Bflt©MT. s«rMc»jsr 

*BSS©lffl©«SS11ttR£»T, *#««±©#^i©E«. 
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[0003] Lfrisfrtflz. w^<D7,^u^mmmmm 
#w««3FjE*Ka:o» is*iai©fflii««. *ii§L®)(Dmm 

[0 0 0 4] 

[*W«*»*b«fc'5 4:-r-6«JH] *^BJ«. ±ttb&fiE 

*&ffi©p B m&ic^T&£n;tfc©T-& o . tt%mv> 

*»<0i«*6jl6iltI*lllloaSi«Sa*5 10 

6»6n«:H*m©«a6fli«*ai3^6Lv»«[KHijEr* 
ci &«<T€r«igflmtu«t*«aiK'r« - 1 s BMtt 

*. ***4*»«)iE*^:E«*s«t^»!RSShjB!|-r*lli:*«-C 
[0 0 0 5] 20 

ioiii***j«-r«»ioiB<ii*j«^ai:. mmtimvo 
lts 2 ©ia*s£j«-r 2 oHtt^fa 

fnt. £jfcufcffiesB2©H*©iiji& (s 2 ©Hist) 

J&T3iiufBS2©iIii!t (*rj£j£) £&|f}T-5*rJ£j&&Hi 

mibs 1 cd® ifn^nt, taw bairns* 
1 oiB*-tn-6nos&8a»*^i:oiH©jB 1 (D$im&n 30 
m-r^s 1 v>®mnm^®t. mzm 1 ©ast^n^n 
*^ti-Bif^»iefflF*g©^ 1 (Dmmoft* MJw£«fc©*tj& 
wm'bmmfc.m&m 1 ©asst^. ^ 

St 1 OIB*OWe*M6j«tom©miE» l ©ffi^lcSiJ 

^x. »ttibfcitutBSi ©BisR-tn-entiraH^jSii: 
©p B i©inrfBS 1 (Dmm^n^n&ffijE-rzmmffiE^® 

[0006] &mtz\z. *nE«g*ijE^att, salt 

miCDiB^t, C©#J&rt*gfe^0|&Sgl ©af£©it5fB 40 
ttJ£/£<h©ffl©|gl©«Sxm&bX*luEb. S2©i 

[0007] $fjgictt. maE«is»iE#att. mtzmi 

©WOMBS 1 ©?f MC^lKAtA'bll^itKm 
IBSl©aPitt. ^©ttJ&^Rfcfli^&lfSl co®^co ml 

«g££iST**tIE¥&£**rr*. 50 
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[0008] »iiKtt. BuK^^m^atj. buibs 
i <Dwm j tn j en<Dmmm£, mess 1 ©ai^n-en 

tt. ffiaBSl©a3it<!:. IlOlBlOHSlSO^jStfc** 
T*ffiaEW£©ffttW»©filfcatJv>X. ffiBBIS 1 ©B 

c©si©e^©#^£<h©#^«*^g^£ 

[0 0 0 9] ^fjgtcWu WBBJ#«^lftHi*a«. ffilBSB 

^n-m©*tjs;sx * « ^rtitt * te h© iWSbs 2 

©B^n^n&4 , 'fr<i:T-SHl]gBSl ©II^Dy {r\z 

**n*ss2©ia*-tn-€ t ti©ia*«a:fc»bT. mib 

»ii*B^flME*tjE*&tt, mibs 1 ©B*"tn-en* 
«M>tT * a&Efs 1 ©h^^'p y ? &-^trs 2 
p-y^tc^^n-SHufB^i (ommt. mmm2<Dmmy 
py^fc"&*n«WBJBi©H*o*#*jactK:*ff sin 

fBI¥«M»©ffi{c»o*v^T, #jS*<h©#jfo#*«t>«3i 

ftfltteas 1 oii»l, Mis^HT^^HfrtBS 1 

©H^i:«(ffi*HiE:^t©M©mfiBS 1 ©*HM£, BtfBtt 

ftows&wgi&ffieas i ©astir, 

&S 1 <Dmm<DwlaZttfo&i:<Dffl<Df8 1 ©SiTIIL 
XttiEU WtB^2©«S*^T-5. 
[0 0 10] *«9!C«SfflgWjeS«fc:fclr>T. Si 

f.*tttt*if lt, n-nimcD-m 1 ©h^ (s*ia 
[ooi i] »«ja*ta*a»4. iwtoit (s^ 

ntt»J6#ttT. 3Sfl*iB*-€-n-PnK:»*£:r*#fliH 

[0 0 12] ft#:«fct4. *f*j«tta*a»4, 0iJ^«. 
Sk#B©S«Mi©filt, S l ©iUft^B£#©*3 «fc 
CI«2«)lt±Jt^ft(!}ttlH{|l^m&n, Sk 

#g ©s^ia^ t*fjs-r •5#S8Hjg^#ft-r Steffi 

•TteffiW^il^ (Xtf^-^^-f > ; epipolar line ) 

? (Si ©ja*^Pyi7) t, Sk#e©SipiSi^*4' 
>bmm£-t2> n X n«l^©li^^'P y^iOBT, *fi^ 
r-5B^K©H55'©2*M©^fn CSSD(sumof squar 
ed differences)] ZM'A. HCfflb. Sk#g©»^iS 

[0013] »jsj«ittm*aj4. m^t. ss 



( 5 ) 

7 

•yflSloSfl' iMft/h&ftQ. fflMtt^ 

ffttHSttLTOSSDOtil »J6jS©*fflO»*>5 
[0 0 1 4] SI 1 ©31MIFffi^f9:te. ^k#BCDS*H 10 

[ooi5] mmvtwm^mz. mm, ssd©m^ 

# g <DK qsBiSS «t*f <h & <h gftSB L . 

S S D ©ffltf*8?j£ WHffiJKT i fc 5 & t>ttJ£;&©&liJ 

[0016] tftrnffim^mt, ttfc&ommtfmn-vfr 

fgk#B©SMiii£1 : '<CMUi!i,i: 20 
tSmXmM (m^n) Oiiyu 7 ? (S2©Mf 

^D-y^) ir-^sn-sa^-e-n-^nt. ^n^wBSt© 
SMossDOrt, «/h©SSDSw-ra6«PiB*i*f 
*^tOMfiD«S6T. fgk#B©S^Bi£<t-e©#J*;;£ 

[0 0 17] MtSt. ^2(D^MSl{U^© 

tt. #J&£©fcffi#**T&^»&K:tt, 09*. tf, ^k 

n-Pj$0*tpB^©BSl^n->i'^-tl-e r nt, II k# 30 
W<ttSnX nfl|j5£©#Rgffl«[F'g<7)BSI^'n^i7-?-n 

•^niwfflHttsweu ^kmsommmmt^ott 

^©cf^H^©S»B^i:. flfctoMVitBNtt&^-fB* 

[0018] nctst, si 2 oan#ai*a^ *fj£ 40 

^^T^^*^B^fe<t^*f^tCC)^T©^M© 
T, ; flM©»tti{rg-r-5jagtS©tfj!JP*«Jfti'J-r^.C < t^ 
©^k#B©»ipB^©jfi^©S*B^©*fJS^<t©« 
Xy U-*>-n>»*©R£«*l>tt < T-5. 50 
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[0 0 19] *&Hi::ffi*!&lB*ti]&tttt. 
¥n^:WtB IxTfl 1 ©B*§i££j5£T3lfI 1 CDIUflfc^jft^a 

wm£.f$.^mt, <£j$,LfzMmmi<Dmm<Dmm (mi 

©BPii) -tn-ent, ±/&L/tiWfBSil2©Bfl!©Biit 

®2oi» -en-en wx, wtsmiroB 
*-tn-en t*fj6-r*maa» 2 ©w* 
t4»*jSttaifai. ifffismioH^n^nt, « 
m b >t £ n ?> si 1 © a^en-en© gtGttftjft £ © w © 

©B^n j ? r nSr'g-tJ'Rff^©©fflF'g©SI 1 ©B*©rt. 
1 ©«JSK3St?^T. ffttSLfcftJfBSfll ©H*-tn-€ t n 

t«]Eit*^toM©fl9aB» 1 ©«s^ne*n*«iE-r 

1 ©B«^^^S*iU*m(Km 2 ©B{ti£j£¥g:©ftg 

H«t^astJiiT. strtem 1 ©B«*«£#©*3«t^ia 

[0 0 2 0] WiltCte. MIB^SMffilE^atJ. ItliLfc 

miiesi 1 ©«Men^-'n*, mcM^A'bfliiifttte 

tt^t©ffl©Sgl©*SMTS&LTl#IEU JB2©*g 

[0021] ^jgtctt, »»ga«aEttffi^R«, mmmi 

*iM©ft. ttC^lgllT&^iifffBig 1 ©BiR£ifl8B*tf& 
jftt©MOi»ttJ8 1 ©ISM*, WIBjISfJES^gfcfllSgJ&W 

ffi»*^tO|BO*l©«aE-C«»IUT*liEb. 12© 

[0022] ffjgtctt, iwn2*#*ja*ai*a»4. fJiem 
1 e>wm j tn j eti<Dmmm£* ifFtem 1 oi**tw?n 
tc^-r-s pi^tt^#-r^>^ffl©H5fBig 2 ©B^-en-e 

fcj&stttHu «ME«ssniiE#a©imaEai*tt»tf*g: 

«, WfBHl©B^i:, d©#l 1 ©B^©*fJt&^t(c*f 
TS««2Bf^OW«M*Offl[lcaS^l»T. HflfBSI 1 ©B 
^<k, £©|g 1 ©B*©^rtT^<h©^^fit*^S^S- 

[0 0 2 3] »3SIC(4. WB*fJS^ffi^©«. ttlnBH 
1 ©B^e-ne-'nSr^'^tf-Sm 1 ©B^^n y V \z<£ 

tft^i 1 ©a$f n©i ^ttt. #jresgi©B» 

©Biit-enenSr'f ^iTSmftBH 1 ©B^^d ^ {c 

•^^n^m2©Bigen-?-*n©B^Mttr*fLT, MsB 
stB^©©tt)fBttiE^©«, Mfsm i ©i$fnfn<£ 
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ayziz^ztizwimmioMmt* mzf&2<Dmm7 

ftiWfiBIg 1 ©H^^^ffi U v>iwaB£ 1 

fc£ 1 ©B^WmJgBttJ&^i©^©!?! 1 ©1gMTW&L 

[0 0 2 4] l£tz. *mmz>&Z>&m • Sgg£j¥itJ#f£ 10 
tt. #*#j£^I*LTfgl©iIil£i£±j&U iltftfl*f#!#l 
SMULTfit 2 ©»$!££/;£ U ^j&L/cBflfBfgl ©B 
tls©®^ (Sl(Z)il) fti^nt, ±f£L*:inIfBfg2 
©Hi*©®!?! (Sg2©H?!i) ^n^*n<t£*tJ$;ttttT, 
mlfam 1 WiB^n^ : n<i:*f^-r-5mIfB^2 ©H* (*f 

i2^i©iii^t, z\<DMfc.rfm>bm^tzni <z>mm<z>Wi 20 

fjfBSg 1 Oiii^tl-^ntHflsB^^tcDF^cDitlBm 1 
©Si^nfn^ill, ttlEb^HfigB^lcD^iMi. 

tfjiBig i <Dmm& £zfwimm 2 <nmm.v>Wt&t$LW.t. \zm 
■3^x, mmm 1 ©BHgj&itfiWiBSg 2 <DM&<Dm&& 

[0025] wmvfrmmmi amm^n? 

mmfotfmbm^its.mz'm 1 <Dwmt. £©# 

1 ©ili^CDWfB*ffr^<»:©^©^ 1 © 
SIMT-m&LTffiiEU $g2©«M££/£T-5>. 30 

[0026] »®tc«. mib^i ©M^^n^ntHfriB 

fcffrfBJiS 1 ©*SM©?9. *fJS^«HT^^BUlB^ 1 ©H 

^tHfriB*fj^^<i:©p^©BfrlBm i (omm*. MiZttfotf 

1 ©iSJg©mrfB*fJft^<t©P^©^ 1 CD&mT'Wm^Tffi 
[0 0 2 7] $?ig(C«> KlfBIg 1 ©H^^tl^-*n©iij^ 

fit. smbis i amm^ti^tuzictjfc-rz nsm&&mr 

£*&H©MfB3l2©M^tt^Tl©iffiiStft<htC3ttLT. 40 

©H^t, C©Ml©iS^©M^<»:(C*fr-5Wffim^ 
©fF*MSc©MlC»^^T, MfSSg 1 ©B3lti:> £©m 

[0028] »jg(c«. tfiiB^iwia^^n^n^^^ 
£-r<5Sf§ i <Dwm?n y fiz^^n^i amm^n^ 

oI^'lt^W-rs^fflWmrfB^ 2 ©iii^^-n^nS^'Dt 

-?z>mi& i oii^p -y ^ ic^^n-sm 2 ©a^n 
?no>MmmtizttVT. mmmfecDwmm%L$:m^T 50 
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HufB*fis*^^tii l. mam 1 ©Hi^n^tiS'f^i 

iz^^n^mmmi<Dmmt. mz&2<Dmmz?ny? 
iz-s^nzmz^ 1 <Dmm<Dttfc&tiztt-rz>mmffi 

M»©ffltrS-D'V^T. *HS^<i:©^^fcfilll^SfIfB 
If! 1 ©liSMU ^^HT/i^tatB^ 1 ©iSPit 
<hMfB*f^<h©r B 1©HilfB^ 1 ©*!^£. i!fJiB*fJS^» 
fc^^MIB^lWil^t. r©*fjfr^**t>Ml||^mi 
©iam©MsBM^t©r4©^ 1 ©JlMTMLTtilE 
U sfrfB^2©^S*^^T-5. 
[0 0 2 9] 

*%w<D^ffi.m<DmM&®%\z?z>fzib\z. si*, 01 

(A) ~ (C) §#ItT, X7^*«l!jt!!lI£!ftBj!-r 

-5,, 01 (a) ~ (o a. x^ix^-B^ss^-rm 

[0030] ±ai©<k3ic. ^u^-mm^mit. 2 -d 

«&©M^©is*iig±£*fj£;ttw\ *tisr-5ia^ra© 

*^7^e.*f^^T'©^snf^tc^m 
u ttm®<nmm&£z*MW3Lfzttz.t\£><n^-rnfr& 

[0 0 3 1] ^JA«. HI (A) {C7K-fJ:5 

tC» 2d©*^7A10, *5<fcZ>*;*J^B 1 0, TMf 
#>2 2£*ifJT3<t. 01 (B) tC^-T^pfC. 
A 10, A^«*ftiOIi2 2 0 a^tfI«2 4a 

■12 2 0 b&^rtHH« (#{$B$!) 2 4 b*«»6tl. 
*tttCDIS2 2 0 a, 2 2 0 b MM.W2 2±© 

[0 0 3 2] »ipili#2 4 a*3«tOt#figBi«2 4 b©F B 1 
©*#*SjSS*ttJ-r*i. 01 (C) Ctl 
e©*tf&^k, k' wioa3S*iii**tt»c*je)*i:i«t 
TtS, C©J;o(C*i*fc*fiS^k, k' WOfiat, 
2^©*^^A, B10, , 10, ©^^ tt^57> 

ifM &&ztmm&tiz&-3^T. 3ftmm<Di%m&m 

ffltX, M^2 2±0Mt*/7AlO, *3J:^ 
/7B10, t©K©ig«ISr»J5tT-5^i:^T^, $b 
(C. *tm®2 2±©&^*T©SEftt^e>, *t»2 2© 

[0 0 3 3] X'J7^-X7yf>^ 
X^I/^ili#5QatC^ViT, lfIS2 4aO«|!!|© 
H^2 2 0 a±©^ (H^) k t. #jlBi&2 4 b©*f 
&®<Dmm2 2 0 b±©*f)ST^ili^ (M^) k' i 

[0 0 3 4] I'J7^-X77f>^SH 7JP<?A1 
0, *±tf*/5A10, ©re«*S«fcI«|« 
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<&) t. g2p|S$!2 4 a (DKiMiVoom®. 2 2 0 a±©ffl 
SOfiltlCSo'UT. El (B) fclflfcRTift 

Sr^MPliiLT. nXnil <09*.«» n = 5) COH^ 
£^t?#R8iIH§? 2 4 b©IE;^©iiim:7n-y^ 1 i:> 
kSWWtUT, nXnf@OIiimSr-&OaspH«2 
4 a<DiEj3M<Dmm7'ny?£(Dl®mtfi&> filf/g©f¥tf 
iS^ffl^T^L, at)B^ffl^ttSr^-r#figiii«!2 10 
4 bOiS^T'n^^W^'M^*. HiSt k co*fft^ k ' 

[0 0 3 5] 2mS©^tf5tC. n x nfltJ5£©ISSil 

kcomm<Dmm<D/^iS'-><D^wii:. mmmwi2 4b© 

SSD(x,y,??,£) = £{ I(x + jy4 . 

ijew 
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m-ttz&T'&K), mz. ^t^pu^mmmm2 a a*j 

J;aC#!lH^2 4 btcttbTte. *£^i®sSt7"n 
[0 0 3 6] X'JT^-XV-/5=->^}*C43ViT, HX 
2c>©iij^^ , D^i7 0D*ff&r-5)i®*[il±Oiii^5 :: - 

zco^ttmnzmmoma (ssd;sd . 20©® 

ffi*HB©ttfn, *<5Wi. jE«fl:*nfcfflSfflB9(nor«a 
lized cross correlation)#fflV* £*l-5>. KT. X'J7 

[0 0 3 7] 
[Ri] 

j)-J(x + i-^,y+j-f )} 2 

— (1) 



[0 0 3 8] fztzL, jUKJd^T, I (x, y) fct, 
S*PM&2 4 art©JS«l (x, y) OH*©iB*'r— ^ 

J (x, y) «#ffiiii^2 4 bft©*£l (x, 
y) ©Hi55l©ili^i'r— ^Sr^U 7jttx^lB]©^M$-* 
L. S tey:#|S]©l&S£5cU wtt£-HSit:/D-y^£^ 
To 

[0 0 3 9] OSD, ^7-U*H*«l«. IU 7^-7, 
Vy^^jfclcfcD. #BgjS«!2 4 art©H^k(C*fJ*: 

m (77, £) ^^b^-a-^C^^, XgBg2_4a££^ 30 
£T = ^ ?7 min + f ^min 

[0 0 4 1] gfiBWgc (SSD) ©fit 
&*5, SSD©I(t »*ia»2 4 a*3cfcy:#HSi®«!2 
4b©Ii7o»/i'l:§Sn, SVMC*tJST-5H*©Bi 
^^-^©ffi (BSSfififO ©Si^&^tltf^^SiVh 
3<&*. 

[0 0 4 2] tot, SSDOS/MSSD,,, ©fit 

SiPH^2 4 a©Si^k©#Bgiii^!2 4 b 40 
fcrfS^k' ©ttffl©«*ttfc*tlSU IMSSD.,. 
©«j&M^ttft#/hStr»H£. IS*k<t»JS^k' ©*t 

[0 0 4 3] XU 7^— XVy^>^fe©W^ 

>^Ss©raia^s:Kwr*. 02 (a) , cb> * 

£2 0©mf^{CB*''tl^^2 2S*^7A1 0, *5 50 



#BgHilfe 2 4b ©iSfSi^D y £?|S]© SSD ^Jffl^c, * 

SSDM/MSSD.,, £t£Z>0mmik2 4 b© 
H3i£, Basil k©*fjfc.6k' tLt«(±il> S6tc, & 

mufe^^k' (omrn (»».,. , i. iD > iC2tc 

fUbtIiUfaJti>. */7A10, &J;Z>*;*J* 
5B10, 2 2±0#XSSTCDE«»4, .hi® 

©.toll. 7£tbtz&mC t*/7A 1 0, *5«tlK*^7 

bio, ©ttBH«A»s»tti-r<5;:ia»"T?€r*. 

[0 0 4 0] 
[&2] 

... ( 2 ) 

±tf^7Blfl, T«HebT»&n.&S«P!ffl«2 4 a 
*3<fctf#HBB#2 4 b&vk-tmX'&Zo E3lt xu 7 
^-XV^^>^ffi{c e k^*f^©H^tti^^T^0 

[0 0 4 4] mtf. 1212 (A) IC^Lfc«fc5lC, «S 
2 0 lCt3gSn/tM^#l2 2 1 0, i5j;tf;*J 

^^bio, -cWt&LTmznfz. 02 (b> tc^-ra 

*PB&2 4 a:i3«fctf#R8i®&2 4 birfcfLT. IU7^ 

£\ 0 3 CSTSflft 2 4a <D%%m 2 2 <hi5f^©ig 
# (ir^) gB#©iBiSik©#SBilil&2 4 blc*5^S*f 

[0 0 4 5] 0UA«, Bulgk t*fje^k' ©K©«M 
(r?, I) @3 (a) «C5ST<tP 

ic, */7A10, *<»|gL/>tSiPB«[2 4 atC&t,* 
T< ttm&lC0mm2 2 0 aCilfcWfC!}it2 0 0 a 
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©Hi5Sik©#{ilHfe2 4 btC*5W-SW»©a«2 0 0 b 
©#*©*fjft,£ k ' *«, 2/^BlO, )WM?bfc#flH 

■t2 4bfciwm S3 (c) tc^-r^tc, ftft 

[0 0 4 6] COi^ft^, 03 (b) \Zm-?£o 
tC. S*PBI£2 4 aCOH^k^f L. -:£tt*t 

*#)©B«t2 2 0 al:^Sn, ftf}#ttW:f:©B0 2 0 0 
aWSftSnxniiJ (W.T> n = 5 <DM-&ZM\zm. 

0**0»*BjSttt. #HQB«!2 4 biC&^Tte, 03 10 
(d) tc^-f cfcStC, «nfcffl:«fc:*»3, tt& (n, 

[0 0 4 7] 09*. «, tflfflli2 0 0 a, 2 

0 0 b©i^1fii, KM.m<nm&2 2 0 a, 2 2 0 b©t 
«*«*«<Sa'3TVi«l^l:tt. *tt#!Oii2 2 0 

a, 2 2 0 btftOIt2 0 0 a, 2 0 0 bt$t» 
W/O'^^^^feS SDOi*«, #^©B#2 0 0 

a, 2 0 Ob©^£^frHPii:^D-7^<Z)ffi<fcO : fe/h£< 
ft*. Jtol, 03 (e) fCSrrj;5K. g*PBli2 4 20 

a ©Bi5l k ©#B$B» 2 4 b ld*5tt-5**©*M6^k ' 
Ttt&<, *t^#!©BI§!2 2 0 bfc»L)fcB*k" 
BSk®#!!BBtk2 4 bfcl*lt*>l**^it LTKIftmS 

g©B«2 0 0 a, 2 0 0 bOtfii, *t«!#;©B$i2 
2 0 a, 2 2 0 bO^#§^#<Sftt3TV^S-a-©^ 
T1tt<, Sf©Ii2 0 0 a, 2 00b©«, *( 

m®comm2 20 a, 220 b©i£ffi#Wj:oT^-5*§ 

-£r\z-f&mz±CZ>. 

[0048] z\<Djz5fcttfo&<Dm&im\t. mmy'a-y 30 

D. XU7^-X^u/^>^&tC±S#jfo ■£©#&©« 

nriA*. 

[0 0 4 9] gggiiiffl^agg 1 ©ffifig 

*tn9j-r*. 04 it. *&w\z&z>mmmi7£mwiv>m 

fi££^c-r0T&£. 

[0 0 5 0] 0 4IC^K-TJ:eilC, lEiSlfgiKJ, 2 
^O*^7A10, , B 1 0, :fe<fctf8E*ai5&Kl 2*> 

zffifc-an. ^difflteap 1 2 */7-f>^-7i- 

X (*/7lF) (HISS 1 2 0, H«ft*^'JlHHfcl 2 2. 
^jfflaiHlBS (CPU) 12 4, EfltgB (HDD) 1 
2 6:feJ:tftti2>i£g 1 2 8*>6i)«3n5. 

[0051] sEstffltesiM i \t, z\n*>(Dmi&fflft\z£ 

0. A/7A10, , B 1 0, Kl«fcr)*#*«2 2 <&JSSg 50 
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L-T?#6>nfc*igB£t2 4 a©BJg&£tf#B8B^2 4 
b©iH^G)Mco*fJtB*t 0, *fj£££-DfcBili|ig©«|g 

/7A10, , B10, <fc©ra©re«#«fctf*#*4*r2 2 
©Jgtt£ffiiJ£-f-5o 

[0052] 1 ©^asa- 

[0 0 5 3] ^^7A10, , jj^^BlO, 
TJ^AIO, *m^7B10, te. 0!l;Lfc£, 
*-(4g(C@^$tlfe2^'jy i ±©CCD t*x^*^7, & 

(02) £JS^U -tn-€ r na£*H«2 4 a4J«tlX#fii 
B#2 4 b££j*UTEAt«j£«l 2C^UTlUAt 
-5, 

[0 0 5 4] 7^^7-1' >i? — 7 3L-XM2&l 2 0 
tt^y^f >5>— 7i- X0SS1 2 Ote, tj^^AIO, 
fcJctf^^B 1 0 2 ^SA#£tl/tSifSB«t2 4 a*3 
<fctfiM81I*2 4 b£§ttAtlT, B^^ ; EU0gSl2 
2(C*fLTttS77-r*. 

[0 0 5 5] B&^'JEBS 12 2 
Bfife^^'JBBSl 2 2tt, 7J^^'T>i5'-7x-7.lHlgS 

1 2 0£^LTA7J£nfc*2fiB$s2 4 a«<fctf#!iBH 

4tCMLT«$&T-5. 
[0 0 5 6] atMtfflgiaK 1 2 4 
»*ffl3SI§l8g 1 2 4 te, IMifflODSP. 
SlifflOCPU, ROM, RAMfeckD^E-©^©^ >2!hI 

ss (0^-t±T) ifl£>mfitt<ti. mmM%.mwi<D&ffii&. 
&2 4 bizttisTXTUxmmmm&'tT^, *^?ai 

0, *3J:^'7JJ<7B 1 0, \ZttT2>ttM.yo 2 2 Jt©^ 
©«S £ ©8l!l/g. A/7A10, £><fc^7J;<7B 1 0, 
i^l!tl2 2±OMt0SBSOlt, *5«fctf. 

2 2 <DMtt<Dffiffi&mK c:ti6©*s**aa»»«i 2 

»5WJ, tB^^Sl 2 8 5^-lxTngPfC 

[0 0 5 7] i%g3!lg[5]gg 1 2 4QXfl/tlill 
£TF> H5*S6fc#R8bT, S^SBSS 1 2 4 IC <t 
S^l^Hlftffla©^^"^*. 0 5 (A) , 

(B) «, *^BJ(c^^>!^»J^gBi (0 4) (D&W 
12 4CJ;51i£ ©«IE^S**r 0T-fe 

[0058] mm(DW-ta 

St\ SI»5aS(HlS& 1 2 4 tt. S^PB^ 2 4a <D&mm 
t. #IIf2 4b(D§ii^&, «*.tf±JBl,fc«fc'5 
fc. ai«C*LfcSSD*WflBM«CtLTffl^TXiJ7' 
^— XVy^>^ffifc.fcD;tfJStttt. 3£2 (C^Dfc^M 
£. (*1©«SI) SJStttJU **B«t2 4 a£fcte# 
1112 4 b©»(£:'raH*t»lK#WTaSH«l** 



( 9 ) 

15 

J&U &WW±mm { & 1 2 4F*g©RAM(Cf21ft-f-5. 

[0 0 5 9] ttffoa<Pteffl<pa^tt<pg4fi 

SMStfflaiHllS 1 2 4 tt. SqSBtt 2 4 a ©il^ k 
£#!iB&2 4 b<Z>*ffS,&k' Sr^tBbfeSScDS SDO 

s/missd.,. a*, »f«©piffl[etTT**«-&ic, s 

*f8B# 2 4a <7>Bi!i k t*tlS^ k ' ^CDttj&ftWfc-C* 
4 aOHSSkt^^k' &0*tt&#tTOkX*7&<&&ff 

i*. *m*fc«ko«igft«fc»^-r*. io 

[0 0 6 0] S*PB$t 24a (DMB k <D#BMfll 24b 

fcH «»5»ia|5I8S 1 2 4 «. SfflLfcSloSHC, 

SIEL^SSC tU *ipB*t! 2 4 a ©BJit k 
©#!SH«2 4 bfc;fe»tS2#Jfo£k ' dtb^tfi 
*ttD£bfc«'&K:tt» iH^MSlHlSS 1 2 4 H «T© 

[0061] mmomiE 

jft»fflaia» i 2 4 0 5 (a) tc^-rjcc-tc. 

Cffllf^D 7 i'i 0 fc^^^mXmM (m^n ; {H 
U m=nC75^'&€r0iJ^) fflHJK^n y i7 tC^Stl^S 
ifSa^-en-^tli:, Cl©mXm«j^©iii^^Dyi7{C"g- 

[0062] pso, f%wmw®& 12411 a*PB# 

2 4 aOSipH^kSr^jli^t-rSmXmSllESWiii^ 
H*fr*nXn*J«©a6*PH«l2 4 a rt<£>B*:/0 

^-en-en-t* s*pb«2 4 a<Dmmmmk&q>fcwm 

T^mXm^fiK©Big> r D y ^ tC&^tl'SmXmflCDS 

mf@©S SDOfitOft. ifc/J^^SSDOl (SSD 
... ) £*f**B*2 4 a©*IMMStft. 

[0 0 6 3] set. S?Stjaa|5iss i 2 4 tt, *f^t 
»t)«6*^U<>fc*^-r-5<»:*lJ^Lfcas*ili«2 4 a©H 40 
^t^O^jS^tCO^T^ HHB^OBSftk^CT) 
*ff£j5k" tC^lOliC, ^ilLT, 
IE-T-5. 

[0 0 6 4] i%g.mmm& 124(1 &,±<d «t 5 tc l-t 
»sn&«g£©«-tn-ens. as«p®«2 4a*fctt 
#iif 24 b©m*-*n-pnfc#jfc#ttfc8i£iii*£ 
£/&U fiiMl:S^t*^7Ai0, 
W*^7B 1 0, t*f*tl2 2±»&*<h<£>S§8BcS>$J 

T. cn50»*6Eft811 2 6tc35tgL. 3&-M> 50 
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tt. UASS1 2 8lcMbTtB*f 
[0 0 6 5] «g<PjjiEg)3Kg|c 

^OJ:c>{C, S*gB&2 4 a ©BHik <fc, fO^Mt 
LTflM0Ktfttti3nfc#ilBll«2 4b©MMk" to 
KI©Sll©»Jit, £. »PB{£!2 4 aOBsftkOjfi^ 
fcfcl^T, SSDO*fe/hSt»M*^*Sl(IH«2 4 

^^utH 09*. tf. 133 (b) , (d) iZmVfzJio 
tc, Mi*!l2 2i«I2 0OiS (Xyi?) 
lBSftft#(6^k" *»T. 0 5 (B) fc09jST*«fc3 

Kf:f:©B»2 0 0 a(£>Bi!f <i:MiSi$l<7)B^2 2 0 a©B 

[0 0 6 6] fcl, lWf2 4a©iIkiitM 
k" i©|H]©|(Sl ©M±Dfc. PI«2 4 

acoB^k £*fJ&,&k ' £©W©m2©ffiil£, ©ft© 
#jfi*. «fcDjE*T*«<fc#A*;:<i:a«-e€?*. 

[0 0 6 7] 8g«l«B£gB 1 <P»fE 

H6S3 6t#ILT. EJBMeSB 1 Oftffsft 
^■r^. H6tt #Sfi9J«::«*lg|*»«S»l©ftfts 

[0 0 6 8] 0 6iC^T<t5iC XT7/10 0 (SI 

o o ) c*5^T\ ^stai^s i ommmifew i 2 

A^7A1 0, iSjctftfj^B 1 0 2 (2 0) 

©it (S*PB«2 4 a*il^Il»2 4 b) SrJ&D 

[0 0 6 9] XT7710 2 (SI 0 2) JCfcl^T, IS 

mmfeffl i 2 oig^Maisiss i2 4ii mmmm 24a 

©If^nfn5:>fi«t<!:1-5 n X nlfEOII^D 
yi?£, >±<3D#figB«2 4 b CDS 

*-tn^n&+ -CMHSRt-r* n x nMli^D y ^ 
tO^OSSDSSfflU »*PB«2 4 afflliii* 
iSSD,„ ^A5#IIt2 4bfflI^D5'i?ffl 
JfcttttT#JS,6©&m£fT 5 , ^JO, 
12 4H S^B^2 4 aOIfitiB 
«2 4b©ittCDHT, lU7^-XV7f>^l: 

[0 0 7 0] Xf 7^1 0 4 (S 1 0 4) iCfclAT. jH 

nmm<@& 12411 &mmm 24a ©ittnt'ti 

t. S 1 0 2©MatC*51^iT^ttlSn^:#BgB^2 4 b 
4 a ££te#!&Blfe2 4 b (Dmm^n^ftiittJ&ltVtT 

[0 0 7 1] Xf77* 1 06 (S 1 0 6) It&t^T. ^ 
SEjaaiHlSS 1 2 4 H »ttlbfc«MC, tC^T^»SS 
D©I/MSSD,,. ©fit. JiB5Hfflt*lt*S5U. * 

'MssD.i. nmtfmm&ob^^m&iziz, nfo 
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[0 0 7 2] Xf'^l 08 (S 1 0 8) {C&t^T. 
IPMIhISS 1 2 4 tt. JitlELifcffiHiHfc, *i«fctf. »jE 
l,fclii«l)!i^#5nfe«t*2 2 t*^5A 1 0, 
*iV*^5B 1 0 f £®IE«K m%x<Df&3kt 

SI 2 6fe±tf/itttttl*8Bl 2 8tC*fbTi±i^-r 

[0 0 7 3] KJ:l^lfci5l:, ^fgajfC^SS&MJ 
5£SB 1 £ .fctlfcf, XU7^-XV7?>^fflWc 10 

[0 0 7 4] ^MWKSLfcffi. W&fif. KMtiH 

SM1©1M, i'MSSD.,. #Wt£U:©fi££ 
©#-Tft<. iXClMC, JC*fLT$S#: 

36 C i ©WfflfflStJlljOSa «!:£»» (->-^>->^ 
M iZffot. *<Offlififlll*«!KSK)li*OT. 00*. 
«. SSDCDg/htSSD.,. ©»tB^*ITLfc^ 20 
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